A large number of previous works reveal that there exist strong connections between the chemical characteristics of chemical compounds and drugs (e.g., melting point and boiling point) and their topological structures. Chemical indices introduced on these molecular topological structures can help chemists and material and medical scientists to grasp its chemical reactivity, biological activity, and physical features better. Hence, the study of the topological indices on the material structure can make up the defect of experiments and provide the theoretical evidence in material engineering. In this paper, we determine the reverse eccentric connectivity index of one family of pentagonal carbon nanocones PCN 5 [ ] and three infinite families of fullerenes 12 +2 , 12 +4 , and 18 +10 based on graph analysis and computation derivation, and these results can offer the theoretical basis for material properties.
Introduction
With the rapid development of material manufacture techniques, a great number of new nanomaterials are discovered each year. It needs a large number of experiments to test the chemical properties of numerous new materials, which increases the workload of the researchers. Luckily, a large number of former chemical based experiments drew the conclusion that there is an intrinsical and inevitable connection between topology structure of chemical molecular and their chemical characteristics, biological features, and physical behaviors, like melting point, boiling point, and toxicity (see Wiener [1] and Katritzky et al. [2] for more details).
In chemistry graph theory setting, materials and other chemical compounds are represented as graphs: each vertex in graph expresses an atom of molecule structure; each edge represents a covalent bound between two atoms. Such a graph is called molecular graph which is denoted as = ( ( ), ( )), where ( ) is the vertex (atom) set and ( ) is the edge (chemical bond) set. All the (molecular) graphs discussed in this paper are no loop and multiple edge, that is, simple graphs. The notations and terminologies used in our paper but not defined can be attributed to Bondy and Murty [3] .
The topological index defined on a molecule structure can be regarded as a nonempirical numerical quantity or a nonnegative score function which quantified the material structure and its branching pattern. Therefore, it can be used as a descriptor of the molecule under experiments and can be applied in several chemical engineering applications, such as QSPR/QSAR study. Several contributions on this field can be found in Yan et al. [4] , Gao and Shi [5] , and Gao and Wang [6, 7] for more details.
There are several indices introduced in chemical and pharmacy engineering and also used to test the properties of nanomaterials. The eccentricity ec( ) of vertex ∈ ( ) is defined as the maximum distance between and any other vertex in . Then, the eccentric connectivity index (ECI) of (molecular) graph is defined as
Ranjini and Lokesha [8] studied the eccentric connectivity index of the subdivision graph of the wheel graphs, tadpole 2 Journal of Nanotechnology graphs, and complete graphs. Morgan et al. [9] deduced the exact lower bound on ( ) by means of order and presented the sharpness of this bound. An asymptotically tight upper bound was also inferred. Additionally, for trees of fixed vertex number and diameter, the precise upper and lower bounds are manifested. Hua and Das [10] considered the relationship between the Zagreb indices and eccentric connectivity index. De [11] raised the explicit generalized expressions for the eccentric connectivity index and its polynomial of the thorn graphs. Eskender and Vumar [12] computed the eccentric connectivity index and eccentric distance sum of generalized hierarchical product of graphs. Furthermore, the exact formulae for the eccentric connectivity index of -sum graphs by means of certain invariants of the factors are also determined. Ilić and Gutman [13] presented that the broom has maximum ( ) among trees with given maximum vertex degree, and the trees with minimum ( ) are characterized as well. Iranmanesh and Hafezieh [14] calculated the eccentric connectivity index of several graph families. Dankelmann et al. [15] described the upper bound for eccentric connectivity index and some graphs are constructed which asymptotically attain such bound. Morgan et al. [16] showed that a known tight lower bound on the eccentric connectivity index for a tree, in view of vertex number and diameter, was also valid for a general graph. Rao and Lakshmi [17] yielded explicit formulas for eccentric connectivity index of phenylenic nanotubes. Ediz [18] introduced a new distance-based molecular index called reverse eccentric connectivity index which was denoted as
where (V) is the sum of degrees of its neighborhoods; that is, (V) = ∑ ∈ (V) ( ). Nejati and Mehdi [19] determined the reverse eccentric connectivity index of one tetragonal carbon nanocone.
Although there have been several advances in eccentric connectivity related index of special molecular graphs, the research of reverse eccentric connectivity index for certain special chemical compound, nanophase materials, and drug structures is still largely limited. On the other hand, as critical and widespread chemical structures, pentagonal carbon nanocones and fullerenes are widely used in chemistry, biology, and medical and material science and frequently appeared in new chemical structures. For these important reasons, we present the exact expressions of reverse eccentric connectivity index for several pentagonal carbon nanocones and fullerenes structures.
In this paper, we mainly study the reverse eccentric connectivity index of pentagonal carbon nanocones PCN 5 [ ] in Section 2 and three infinite families of fullerenes 12 +2 , 12 +4 , and 18 +10 in Section 3.
Reverse Eccentric Connectivity Index of Pentagonal Carbon Nanocone
In this section, we aim to determine the reverse eccentric connectivity index of pentagonal carbon nanocone PCN 5 [ ] (see Figure 1 for its detailed structure) in terms of molecular structure analysis and an algebraic trick. After obtaining the exact expression of reverse eccentric connectivity index, we design a computer program using Java to determine its values for some fixed positive integer . It is easy to check that PCN 5 [ ] has 5 2 and 5(
The main conclusion in this section is stated as follows. 
Proof. It can be seen that, in Figure 2 , the whole pentagonal carbon nanocone PCN 5 [ ] can be divided into five equivalent partitions which are denoted by 1 , 2 , . . . , 5 and we have
. The trick to analyze the structure is to focus on one part and then extend to the whole molecular structure.
Using the graph analysis, we know that the vertices in can be divided into 2 classes (for convenience, we denote class 1, class 2, . . . , class 2 for these vertex classes) according to the value of ec(V) and (V). The value of ec(V) for vertex V in class 1 and class 2 is 4 − 2, and ec(V) = 4 − if vertex V belongs to class for 3 ≤ ≤ 2 . For vertex V in class 1, class 2, and class 3, the value of (V) is 5, 6, and 7, respectively. And, (V) = 9 if vertex V belongs to class , where 4 ≤ ≤ 2 . Moreover, the number of vertices in class 1 and class 2 is 2 and −2, respectively. The vertex number of class is −⌊( −1)/2⌋ for 3 ≤ ≤ 2 .
In order to simply and conveniently compute the reverse eccentric connectivity index, we design a program which is written using Java. The procedure is listed in Algorithm 1. According to the vertex classification and distance computation, we have 
Hence, the expected result is obtained.
We compute the reverse eccentric connectivity index of PCN 5 [ ] for ∈ {1, 2, . . . , 10}, and the result data can be found in Table 1 .
Reverse Eccentric Connectivity Index of Fullerenes
Fullerenes were found in 1985 by chemical experiments which can be regarded as zero-dimensional nanostructures. A number of carbon atoms for some classes of carboncage molecules are bonded in a nearly spherical configuration. Let be a fixed fullerene, and let ℎ, , , and be the number of hexagons, pentagons, carbon atoms, and chemical bonds, respectively. In terms of structure analysis, it can be easily found that each atom lies in exactly three faces and each chemical bound (edge) lies in two faces. Hence, we infer that = (5 + 6ℎ)/3 is the number of atoms, = 3 /2 is the number of bounds (edges), and = + ℎ is the number of faces. By means of Euler formula, + = 2, we yield = 3ℎ + 30, = 2ℎ + 20, and = 12. It reveals that this chemical structure consists of carbon atoms and contains 12 pentagonal faces and /2−10 hexagonal faces. See Prylutskyy et al. [20] , Borisova et al. [21] , Sugikawa et al. [22] , Heumueller et al. [23] , and Hendrickson et al. [24] for more details on the structure of fullerenes and their engineering applications. The purpose of this section is to obtain the reverse eccentric connectivity index of three families of fullerenes. The first family is 12 +2 and its structure is presented in Figure 3 .
The first result in this section is manifested below. Proof. According to the structure of fullerenes 12 +2 , we see that (V) = 9 for any V ∈ ( 12 +2 ). By the value of ec(V), all the vertices can be divided into three classes. There are 8 vertices and 6 vertices in class 1 and class 2, and their ec(V) are 2 and , respectively. For the last vertex class, we have ec(V) = + for ∈ {1, 2, . . . , }, and there are 12 vertices for each . Thus, in view of the definition of reverse eccentric connectivity index, we have
We complete the proof.
As the former section, we list the value of RE ( 12 +2 ) for ∈ {1, 2, . . . , 10} in Table 2 .
The second family of fullerenes we discussed here is 12 +4 which is presented in Figure 4 for its structure. The conclusion for this family of fullerenes is stated as follows. 
Proof. By means of the structure of fullerenes 12 +4 , we ensure that (V) = 9 for arbitrary V ∈ ( 12 +4 ). According to the value of ec(V), the set ( 12 +4 ) can be divided into two classes. The first class only has four vertices and ec(V) = 2 +1.
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Therefore, the expected conclusion is obtained.
Again, we list the exceptional cases for ∈ {1, 2, . . . , 10} in Table 3 . The last family of fullerenes we study in this paper is
